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[0001] The present invention relates to packaging materials of a type employing flexible, polymeric films. More specifically, the invention pertains to multilayer packaging films used in applications requiring a high degree of dimensional
stability, i.e., both low shrinkage and low stretch, at elevated temperatures, and also a relatively low oxygen transmission
rate.
[0002] Packaging applications requiring dimensionally stable films at high temperatures, e.g., up to about 150 °C and
sometimes as high as about 180°C, include vertical form-fill-seal (VFFS) packaging for "hot fill" products, such as soups,
sauces, jellies, beverages, and other liquified foods. As is well known, in VFFS packaging, a flowable product is introduced
through a central, vertical fill tube and into a formed tubular film that has been heat-sealed transversely at its lower end
and also longitudinally. Heat-sealing temperatures typically range from about 90 to about 150 °C, and often reach or
exceed 180 °C as packaging equipment operators attempt to make strong heat-seals, e.g., those that will seal through
hot-fill product that inadvertently contaminates the seal area of the film.
[0003] After being filled, the package, in the form of a pouch, is completed by transversely heat-sealing the upper end
of the tubular segment and simultaneously severing the pouch from the tubular film above it, usually by applying sufficient
heat to melt through the tube above the newly formed upper heat-seal. If the film from which the package is made does
not have sufficient dimensional stability, the package becomes distorted both from the heated product and from heatsealing. Not only does package distortion ruin the aesthetic qualities of the package, e.g., by distorting any printed
information or other labeling on the package, but it can cause the package to become misaligned in the packaging
machinery, often resulting in ruined packages and costly downtime in production as misaligned packages become
wedged between pieces of the machinery or when heat-sealing/severing equipment inadvertently contacts and melts
through the walls of the package instead of sealing and severing at the periphery of the misaligned package as intended.
[0004] Similar considerations apply in VFFS and horizontal form/fill/seal (HFFS) packaging of flowable particulate
products, e.g., shredded cheese, frozen chicken wings and nuggets, etc. Although such products are generally not filled
while in a heated state, transverse and longitudinal heat-sealing and heat-severing alone are sufficient to cause package
distortion, thereby making a film which is dimensionally stable at elevated temperatures highly desirable for such packaging applications.
[0005] Another packaging application for which high-temperature dimensional film stability would be desirable is when
films are used as lidding materials for flexible packages, such as thermoformed pockets in which, e.g., hot dogs, lunch
meats, etc., are contained; semi-rigid vacuum and/or gas-flushed packages for meat and poultry contained in a foam
or other semi-rigid type tray; and rigid packages, e.g., for yogurt, custard and other dairy products contained in a rigid
cup-like container. When lidding films are applied to such packages, heat is generally used to seal the film to the
thermoformed container, tray, or cup in which the product is contained. As with the foregoing form-fill-seal packaging
operations, high heat-seal temperatures are often employed in order to form strong heat-seals that will seal through
particles or globs of food that contaminate the heat-seal area. Without sufficient dimensional stability, the lidding films
can either stretch or shrink during the lidding process, resulting in incompletely sealed packages and distorted printed
images on the films.
[0006] A further process necessitating dimensional stability at elevated temperatures is printing. Maintenance of colorto-color registration on the printing press is important, as is overall consistency of the "repeat length" of each printed
image. Drying tunnel temperatures commonly reach temperatures of 49°C or more. It is therefore preferred that the film
have sufficient resistance to stretching, necking and other types of deformation at these temperatures so that registration
is not lost, and that the repeat length of the images are consistently maintained on downstream packaging equipment,
where it may again face elevated temperatures as noted above. When a film is printed, any deformation that occurs
during the packaging process is particularly troublesome, in that the printed image becomes visibly distorted. Thus,
maintaining dimensional stability under high-temperature packaging is especially important when the film is printed.
[0007] Another requirement of films used in many of the aforementioned packaging applications is a low transmission
rate of oxygen in order to preserve and extend the shelf life of packaged food products. For many food products, the
oxygen transmission rate (OTR) must be on the order of 40 cc/m2 per 24 hours at 101325 Pa, (1 atmosphere) or less.
[0008] In order to achieve the above properties, many conventional packaging films used for such applications have
been laminates, i.e., two or more film components that are adhesively bonded together, e.g., biaxially-oriented and heatset polypropylene, polyester, or polyamide films that are adhesively laminated to a heat-sealable film where one of the
laminated film components contains a low OTR material such as polyvinylidene chloride. However, adhesive lamination
is expensive, due to the relatively high cost of the adhesives and the extra production steps required to produce the
laminate, and the reliability of such adhesives is sometimes suspect, e.g., solvents from printing inks can reduce the
bond-strength of the adhesives, leading to delamination. Further, certain types of adhesives contain low-molecular weight
components that can migrate through films and contact the packaged food products.
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[0009] Instead of using a laminate, it would be preferred to use a film that is fully coextruded, i.e., formed by extruding
two or more polymeric materials through a single die with two or more orifices arranged so that the extrudates merge
and weld together into a multilayer structure.
[0010] A proposed coextruded film having high-temperature dimensional stability and a low OTR includes a core layer
of ethylene/vinyl alcohol copolymer (EVOH), a layer of amorphous polyamide to provide relatively high modulus at high
temperatures, and a heat-sealing layer. While this film was able to address some of the problems detailed above, it was
found that it did not provide a sufficiently wide temperature-processing window to make high quality packages from such
film. That is, the glass transition temperature of the amorphous polyamide and the melting point of the heat-sealing layer
were found to be too close to one another to provide a desired combination of good heat-sealability and dimensional
stability at elevated temperatures.
[0011] US6379812 discloses multilayer films comprising a layer of amorphous polyamide as well as an external heatseal layer.
[0012] Accordingly, there continues to be a need in the art for a coextruded, low-OTR multilayer film having a combination of high-temperature dimensional stability and low-temperature heat-sealability.
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Summary of the Invention
[0013]
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That need is met by the present invention which provides a multilayer film, comprising,

a. a first layer comprising an amorphous polymer that exhibits a glass transition temperature; and
b. a second layer forming an exterior layer of the multilayer film and comprising a sealant material capable of forming
a heat-seal, the sealant material comprising a polymer that exhibits a melting point.
[0014] The glass transition temperature of the amorphous polymer is greater than the melting point of the sealant
material by at least about 45 degrees centigrade.
Brief Description of the Drawing
[0015]
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FIG. 1 is a cross-sectional view of a multilayer film in accordance with the invention.
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[0016] FIG. 1 depicts one embodiment of a multilayer film in accordance with the present invention. In the instant
depiction, multilayer film 10 includes nine layers. As is readily understood by those of ordinary skill in the art of film
manufacture, a greater or lesser number of layers may be included, depending on the specific attributes that are desired
in such a film to suit the intended end-use application. As used herein, the term "multilayer film" refers to a thermoplastic
material, generally in sheet or web form, having one or more layers formed from polymeric or other materials which are
bonded together by any conventional or suitable method, including one or more of the following methods: coextrusion,
extrusion coating, lamination, vapor deposition coating, solvent coating, emulsion coating, or suspension coating, but
preferably by coextrusion.
[0017] Multilayer film 10 includes a first layer 12, comprising an amorphous polymer that exhibits a glass transition
temperature, and a second layer 14, which forms an exterior layer of multilayer film 10 as shown and which comprises
a sealant material capable of forming a heat-seal. First layer 12 may be an interior or exterior layer, but is preferably an
interior layer, and preferably includes at least one layer positioned between the first layer and the exterior layers of the
film that serves as a moisture vapor barrier, such as, e.g., a layer comprising polyolefin.
[0018] As used herein, the term "amorphous polymer" refers to those polymers that are substantially lacking in crystallinity as shown by the lack of an endotherm crystalline melting peak in a Differential Scanning Calorimeter (DSC) test
in accordance with ASTM D-3417. Amorphous polymers generally lack a regular three-dimensional arrangement of
molecules or molecule sub-units that extend over distances which are large relative to atomic dimensions. However,
regularity of structure may exist on a local scale as minor, semi-crystalline phases. See, "Amorphous Polymers," Encyclopedia of Polymer Science and Engineering, 2nd Ed., pp. 789-842 (J. Wiley & Sons, Inc. 1985).
[0019] As used herein, the term "glass transition temperature," sometimes abbreviated herein as "Tg", refers to the
approximate midpoint of the temperature range over which an amorphous polymer undergoes a reversible change from
a hard, glassy, or brittle condition to a flexible or elastomeric condition, and may be determined in accordance with ISO
3146-C or ASTM D-3418.
[0020] The amorphous polymer in first layer 12 preferably has a glass transition temperature of at least about 140 °C,
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such as at least about 145, 150, 155, 160, 165, 170, 175, or 180 °C. First layer 12 preferably comprises less than about
50 % of the total thickness of film 10, such as less than about 45, 40, 35, 30, or 25 % of the total thickness of film 10. If
desired, other layers in addition to layer 12 may have such amorphous polymer therein, either as a major or minor
component. Generally, the amorphous polymer is preferably a minor component of the total constituency of film 10.
Thus, film 10 preferably contains at least about 40 wt.%, such as at least about 45, 50, 55, 60, 65, 70 or 75 wt.%, of
materials having a Tg of less than 125 °C .
[0021] An example of an amorphous polymer that may be used in first layer 12 is an amorphous polyamide. Generally,
amorphous polyamides can be characterized as high molecular-weight polymers in which amide linkages occur, and
which contain aromatic segments with various proportions of aliphatic segments. For example, some amorphous polyamides are copolyamides of an aliphatic diamine and an aromatic isophthalic and/or terephthalic diacid.
[0022] Suitable amorphous polyamides may include those amorphous polymers that are prepared from the following
diamines: hexamethylenediamine, 2-methylpentamethylenediamine (MPMD), 2,2,4-trimethylhexamethylenediamine
(TMD), 2,4,4- trimethylhexamethylenediamine (IND), bis(4-aminocyclohexyl)methane, 2,2-bis(4- aminocyclohexyl)isopropylidine, 1,4-diaminocyclohexane, 1,3-diaminocyclohexane, meta-xylylenediamine (MXD), 1,5-diaminopentane, 1,4diaminobutane, 1,3-diaminopropane, 2-ethyldiaminobutane, 1,4-diaminomethylcyclohexane, 3,3’-dimethyl-4,4’-diamino-dicyclohexylmethane (MACM), 3-aminomethyl-3,5,5-trimethylcyclohexylamine (IPD), bis(4-aminocyclohexyl)methane (PACM), 2,2-bis(p-aminocyclohexyl) propane (PACP), 1,6-diamino-2,2,4-trimethylhexane (ND), p-xylylenediamine
(PXD), m-phenylenediamine, p-phenylenediamine, and alkyl substituted m-phenylenediamine and p-phenylenediamine.
[0023] Examples of amorphous polyamides that can be used also include those amorphous polymers prepared from
the following dicarboxylic acids: isophthalic acid (I), terephthalic acid (T), 1,3-phenylenedoxydiacetic acid, 1,4-cyclohexanedicarboxylic acid, 2,6-napthalene dicarboxylic acid (N), 1,1,3-trimethyl-3-phenylindan-4,5 dicarboxylic acid, alkyl
substituted iso- and terephthalic acid, adipic acid, sebacic acid, octadecanedioic, dodecanedioic acid (DDA), brassylic
acid, tetradecanedioic acid, butane dicarboxylic acid, and the like.
[0024] The diamines and dicarboxylic acids mentioned above can be combined as desired. For example, an aliphatic
diamine can generally be combined with an aromatic dicarboxylic acid as noted above, or an aromatic diamine can be
combined with an aliphatic dicarboxylic acid. Amorphous polyamides prepared from aromatic diamines and aromatic
diacids, or those prepared from aliphatic diamines and aliphatic diacids, may also be suitable. ,Preferred amorphous
polyamides are those in which either the diamine or the dicarboxylic acid moiety is aromatic, and the other moiety is
aliphatic. The aliphatic groups of these polyamides preferably contain between 4 and 12 carbon atoms in a chain or an
aliphatic cyclic ring system having up to 15 carbon atoms. The aromatic groups of the polyamides preferably have mono
or bicyclic aromatic rings which may contain aliphatic substituents of up to about 6 carbon atoms. If desired, more than
one diamine may be combined with one diacid, more than one diacid may be combined with one diamine, and more
than one diacid and more than one diamine may be combined. The amorphous polyamides may also contain as comonomers amounts of lactam species such as caprolactam or lauryl lactam, 3,6-bis(aminomethyl)norbornane (AMNB) and
diphenylmethane-4-4’diisocyanate (MDI).
[0025] It is not necessary that the above-recited polyamide forming monomers be used per se in the polymerization
reaction. The actual materials used in the polymerization reaction may be the recited monomers or polyamide-forming
derivatives of these monomers, such as the acid chloride, ammonium salt, ester, half-ester, and the like.
[0026] Specific examples of suitable amorphous polyamides include: polyamide 6I/6T, polyamide 6I/MACMT, polyamide 6I/MACMI, polyamide 6I/MACMI/MACMT, polyamide 6/MACMI/MXDI, polyamide 6I/6T/MACMI, polyamide 6I/6T/
MACM1/MACMT, polyamide 12/MACMT, polyamide 12/MACMI, polyamide 12/IPDI/PACMI, polyamide 12/PACMI,
polyamide TMDT, polyamide 6I/6T/IPD, polyamide 6I/6T/PACMI/PACMT, polyamide 6I/6, polyamide MACMVMACMX,
polyamide XT/MA.CMT, polyamide PACM12, polyamide 6/AMNBT and polyamide MDI6/MDI9. Such amorphous polyamides are commercially available from a number of manufactures, such as from EMS-Chemie under the designation
Grilamid and Grivory; from Degussa under the designation Trogamid; from ELF Atochem under the designation Cristamid;
from Mitsubishi Kasei under the designation Novamid; from Bayer AG under the designation Durethan; and from DuPont
under the designation Selar or Zytel.
[0027] Further information regarding the foregoing amorphous polyamides may be found in the "Nylon Plastics Handbook" by M. I. Kohan, particularly at pgs. 3-8 and 377-387, the disclosure of which is hereby incorporated by reference
herein.
[0028] If desired, first layer 12 may comprise a blend of at least two amorphous polyamides. When amorphous polyamides are to be employed as the amorphous polymer in first layer 12, it is preferred that layer 12 consists essentially of
amorphous polyamide, whether one or more amorphous polyamides are used in such layer. Optionally, however, the
amorphous polyamide may be blended with a crystalline material, e.g., crystalline polyamide.
[0029] Alternative materials that may be used as the amorphous polymer in first layer 12 are polymers that are referred
to as "high-performance polymers," which have been developed for structural applications or for use in mechanical and
electrical components with long-term heat-resistance requirements at temperatures greater than 150 °C. Such polymers
include polycarbonate (PC), cyclic olefin copolymers (e.g., ethylene/norbornene copolymer), polysulfone (PSU), poly-
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ethersulfone (PES), polyarylsulfone (PAS), styrene maleic anhydride copolymer (SMA), polyetherimide (PEI), polyphenylene oxide (PPO), PPO/polystyrene (PS) alloys, polyphenylene ether (PPE), and polyarylate. Suitable polycarbonates
are available from Dow Chemicals under the designation Calibre® and from Bayer Corporation under the designation
APEC®. Suitable PPO/PS alloys and polyphenylene oxides are available from General Electric Corporation under the
designation Noryl® and PPO®, respectively. Suitable polyphenylene ethers are available from Degussa under the
designation Vestoran®. Suitable PEI is available from General Electric Corporation under the designation Ultem®.
Suitable styrene maleic anhydride copolymers are available from Nova Chemicals under the designation Dylark®. Suitable cyclic olefin copolymers are available from Zeon under the designation Zeonor® and from Ticona under the designation Topas®. Suitable polysulfones are available from Solvay under the designation Udel® or from BASF under the
designation Ultrason®. Suitable polyethersulfones are available from Amoco Polymers under the designation Radel®.
Suitable polyarylates are from Amoco Polymers under the designation Ardel®.
[0030] Multilayer film 10 preferably has a storage modulus of at least 100 pounds/linear inch of width at temperatures
up to 140 °C. For a film having a thickness of 2.5 mils (0.0025 inch), a storage modulus of at least 17.5 kN/m (100
pounds/linear inch) equates to a storage modulus of at least 276 MPa (40,000 pounds/in2)(storage modulus is based
on the cross-sectional area of the film, and may be determined in accordance with ASTM D-5026-95a). Such a storage
modulus provides the films of the present invention with excellent high-temperature dimensional stability, and may be
achieved by including an amorphous polymer in first layer 12, e.g., having a Tg of at least about 140 °C. More preferably,
film 10 maintains a storage modulus of at least 175 N/cm (100 pounds/linear inch) at temperatures up to 145 °C and
beyond, such as 150, 155, 160, or 165 °C. Regardless of the thickness of film 10, it preferably maintains a storage
modulus of at least about 138 MPa (20,000 psi), such as at least about 207 MPa (30 000 psi), 241 MPa (35 000 psi),
276 MPa (40 000 psi), or 310 MPa (45 000psi), at temperatures up to 130 °C, such as up to 135, 140, 145, 150, 155,
160, or 165 °C. Preferably, however, the film is not overly stiff or brittle at room temperatures. Thus, the film preferably
has a storage modulus of less than about 5171 MPa, (750,000 psi), such as less than 4137 MPa (600,000 psi), 3447
MPa (500,000 psi), 2758 MPa (400,000 psi), 2068 MPa (300,000 psi), 1379 MPa (200,000 psi), or 1034 MPa (150,000
psi) at temperatures of about 23°C (73°F).
[0031] As noted above, second layer 14 forms an exterior layer of multilayer film 10 and comprises a sealant material
capable of forming a heat-seal. The sealant material is preferably a type of polymer that exhibits a melting point.
[0032] As used herein, the phrase "exterior layer" refers to any layer of a multilayer film having only one of its principal
surfaces directly adhered to another layer of that film. In a multilayer film, there are two exterior layers, each of which
has a principal surface adhered to only one other layer of the film. The other principal surface of each of the two exterior
layers forms the two principal outer surfaces of the film. The layers disposed between the two exterior layers are "interior
layers," i.e., those that have both of their principal surfaces directly adhered to another layer of the film.
[0033] As used herein, the term ’’heat-seal’’ refers to the union of two films by bringing the films into contact, or at
least close proximity, with one another and then applying sufficient heat and pressure to a predetermined area (or areas)
of the films to cause the contacting surfaces of the films in the predetermined area to become molten and intermix with
one another, thereby forming an essentially inseparable bond between the two films in the predetermined area when
the heat and pressure are removed therefrom and the area is allowed to cool.
[0034] As used herein, the term "melting point," sometimes abbreviated herein as "Tm", refers to an endotherm crystalline melting peak as determined by Differential Scanning Calorimetry (DSC) in accordance with ASTM D-3417.
[0035] The sealant material in second layer 14 preferably has a melting point of less than about 130 °C, such as less
than about 120, 110, 100, 90, 80, or 70 °C. The sealant material preferably comprises at least about 20 wt.% of second
layer 14, based on the total weight of layer 14, such as at least about 40, 60, 80, 90, or 95 wt.%. Examples of suitable
polymers for the sealant material include ionomers (e.g., SURLYN from DuPont), heterogeneous (Ziegler-Natta catalyzed) ethylene/alpha-olefin copolymer such as linear low density polyethylene, homogeneous (single-site, metallocenecatalyzed) ethylene/alpha-olefin copolymer, ethylene/unsaturated ester copolymer (e.g., ethylene/vinyl acetate copolymer, ethylene/methyl acrylate copolymer, ethylene/butyl acrylate copolymer, etc.), ethylene/unsaturated acid copolymer
(e.g., ethylene/acrylic acid copolymer, ethylene/methacrylic acid copolymer, etc.), ethylene/propylene copolymer, and
polybutylene homopolymer or copolymer.
[0036] In accordance with the present invention, the glass transition temperature of the amorphous polymer in first
layer 12 is greater than the melting point of the sealant material in second layer 14 by at least about 45 degrees centigrade,
i.e., the Tg of the amorphous polymer minus the Tm of the sealant material ("∆T") is greater than or equal to about 45
°C. The inventors found that when the ∆T between the Tg of the amorphous polymer and the Tm of the sealant material
is greater than or equal to about 45 °C, the film possesses a sufficiently wide temperature-processing window to make
high-quality packages from such film on a large-scale, commercial basis in a wide variety of packaging processes.
[0037] That is, with a ∆T of 45 °C or more, it is now more readily possible to employ processing temperatures that are
above the Tm of the sealant material in order to form strong heat-seals and, at the same time, remain below the Tg of
the amorphous polymer in order to maintain the dimensional stability of the film and package throughout the packaging
process. In this manner, the same film can be used in various types of packaging operations (some of which have been
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discussed hereinabove), which invariably employ different heat-seal temperatures and otherwise subject the film to
different levels of temperature and mechanical stress. The wide processing window provided by a ∆T of 45 °C or more
in accordance with the present invention allows the film to be used in these different packaging processes without the
costly necessity of tailoring a number of different films to suit each process. A more preferred ∆T is at least 55 °C, such
as 65, 75, 85 or 90 °C.
[0038] Multilayer film 10 preferably further includes a third, interior layer 16 adhered to surface 18 of first layer 12.
Third layer 16 preferably comprises at least one member selected from polyamide homopolymer or copolymer (e.g.,
one having greater than 50 mole percent polyamide 6 or polyamide 66), acid-modified polyolefins, anhydride-modified
polyolefins, ethylene/acrylic acid copolymer, and ethylene/methacrylic acid copolymer.
[0039] A fourth, interior layer 20 is preferably also included, and may be adhered to surface 22 of third layer 16. The
composition of fourth layer 20 may be selected such that layer 20 functions as an oxygen barrier layer, and preferably
has an oxygen transmission rate (OTR) of less than or equal to 30 cc of oxygen per square meter of film per 24 hour
period at 1 atmosphere and at a temperature of 23°C (73°F) (at 0% relative humidity). In this manner, the entire film 10
will have such OTR. More preferably, layer 20, and therefore film 10, has an OTR of less than 25 cc/m2 per 24 hours at
101325 Pa (1 atm.), and more preferably less than 20, more preferably still less thanl5, even more preferably less than
10, such as less than 8, less than 7, or less than 6 cc/m2 per 24 hours at 101325 Pa (1 atm.) (23°C (73°F) and 0% RH).
Examples of suitable materials for fourth layer 20 include ethylene/vinyl alcohol copolymer (EVOH), polyamide MXD6,
polyamide MXD6/MXDI, polyvinylidene chloride (PVDC), and polyacrylonitrile (PAN), including copolymers of PVDC
and PAN. EVOH is preferred.
[0040] When the fourth layer 20 comprises ethylene/vinyl alcohol copolymer, polyamide MXD6, or polyamide
MXD6/MXDI, the third layer 16 preferably comprises at least one member selected from polyamide homopolymer or
copolymer having greater than 50 mole percent polyamide 6, polyamide homopolymer or copolymer having greater than
50 mole percent polyamide 66, acid-modified polyolefins, and anhydride-modified polyolefins. Preferred polyamides in
accordance with the foregoing include polyamide 6, polyamide 66, polyamide 6/66, polyamide 6/69, polyamide 6/12,
polyamide 66/610, and polyamide 66/69. Preferred examples of acid-modified polyolefins include ethylene/acrylic acid
copolymer and ethylene/methacrylic acid copolymer. Preferred anhydride-modified polyolefins include anhydride- grafted
ethylene/1-butene copolymer, anhydride-grafted ethylene/1-hexene copolymer, anhydride-grafted ethylene/1-octene
copolymer, anhydride-grafted ethylene/vinyl acetate copolymer, and anhydride-grafted polypropylene.
[0041] As used herein, the term "anhydride-modified" refers to any form of anhydride functionality, such as the anhydride
of maleic acid, fumaric acid, etc., whether grafted onto a polymer, copolymerized with a polymer, or blended with one
or more polymers, and is also inclusive of derivatives of such functionalities, such as acids, esters, and metal salts
derived therefrom.
[0042] When fourth layer 20 comprises polyvinylidene chloride or polyacrylonitrile, third layer 16 preferably comprises
an ethylene copolymer or terpolymer having between 5 and 30 mole % ester mer units. Such ester mer units may include,
for example, methacrylate, n-butyl acrylate, iso-butyl acrylate, ethyl acrylate, vinyl acetate (e.g., ethylene/methacrylate
copolymer, etc.). An example of a suitable terpolymer may comprise 80% ethylene, 10% iso-butyl acrylate, and 10%
methacrylic acid.
[0043] Multilayer film 10 may further comprise a fifth layer 26 to form a second exterior layer of the multilayer film in
opposing relation to second layer 14. This fifth exterior layer 26 preferably comprises a material having a surface energy
of at least 3.6 Pa (36 dynes/cm2). Such a surface energy allows an image to be printed on outer surface 28 of fifth layer
26. Suitable materials for fifth layer 26 include at least one material selected from polyamides, polyesters, polycarbonates,
polyurethanes, and polyacrylates. Polyolefin surfaces having been modified by corona, plasma, flame treatment or acid
etching such that the surface energy exceeds 3.6 Pa (36 dynes/cm2) are also suitable for printing. Fifth layer 26 also
preferably provides heat- and abuse-resistance to the film. If a crystalline material is used, such material preferably has
a melting point of at least about 100 °C, such as at least about 110, 120, 130°C, etc. If an amorphous material is used,
such material preferably has a Tg of at least about 100 °C, such as at least about 110, 120, 130°C, etc. A crystalline
polyamide such as polyamide 6 is preferred.
[0044] Multilayer film 10 may further comprise a sixth, interior layer 30 adhered to surface 32 of fourth layer 20. The
sixth layer 30 may be formed from the same material(s) as third layer 16, and thus may comprise at least one member
selected from polyamide homopolymer or copolymer having greater than 50 mole percent polyamide 6, polyamide
homopolymer or copolymer having greater than 50 mole percent polyamide 66, acid-modified polyolefins, anhydridemodified polyolefins, ethylene/acrylic acid copolymer, ethylene/methacrylic acid copolymer, and ethylene copolymer or
terpolymer having between 5 and 30 mole % ester mer units. Preferred materials include at least one member selected
from polyamide 6, polyamide 66, and polyamide 6/66.
[0045] Multilayer film 10 may further comprise a seventh, interior layer 34 positioned generally between the second
and sixth layers 14,30, e.g., adjacent second layer 14 as shown. It is preferred to include seventh layer 34 to balance
any tendency of film 10 to curl. For example, the film may have a tendency to curl if fifth layer 26 contracts to a greater
or lesser degree than the other layers of the film upon cooling. This may occur, for instance, when fifth layer 26 is a

6

EP 1 525 092 B1

5

10

15

20

25

30

35

crystalline or semi-crystalline material, such as a semi-crystalline polyamide. In such case, it may contract to a greater
degree upon cooling than the other film layers and, being an exterior layer, exerts a curling force on the film such that
the film tends to curl towards the fifth layer. This tendency can be offset by including in seventh layer 34 a material that
balances the curl of the film such as, e.g., high density polyethylene, low density polyethylene, linear low density polyethylene, polypropylene, polyamide, cyclic olefin copolymer, or polyester.
[0046] Polymeric adhesive layers, commonly referred to as "tie" layers, may be included in multilayer film 10 wherever
necessary or desired. Thus, a first polymeric adhesive layer 36 may be included between first layer 12 and fifth layer
26 and a second polymeric adhesive layer 38 may be included between sixth layer 30 and seventh layer 34. Layers 36
and 38 may comprise any suitable polymeric adhesive, such as an olefin polymer or copolymer having an anhydride
functionality grafted thereon and/or copolymerized therewith and/or blended therewith. Examples of suitable polymeric
adhesives include the following anhydride-grafted polymers: ethylene/1-butene copolymer, ethylene/1-hexene copolymer, ethylene/1-octene copolymer, ethylene/vinyl acetate copolymer, polypropylene, polyhydroxyether of bisphenol-A,
styrene butadiene block copolymer, and low density polyethylene.
[0047] Multilayer film 10 may be made by any suitable film-making process, e.g., cast or blown through either an
annular or flat die, and is preferably fully coextruded. As used herein, the term "coextruded" refers to the process of
extruding two or more materials through a single die with two or more orifices arranged so that the extrudates merge
and weld together into a laminar structure before chilling and solidifying, e.g., via water, chilled metal roll, or air quenching.
Multilayer film 10 preferably has less than 5% shrink in at least one direction at 150°C. Thus, it is preferred that the film
is not oriented after coextrusion or, if it is, that it be heat-set to remove substantially all of the shrink capability from the film.
[0048] Multilayer film 10 may have any desired thickness, e.g., ranging from about 13 to about 1270 Pm (0.5 to about
50 mils). More preferably, the thickness ranges from 13 to 1016 Pm (0.5 - 40 mils), such as between 13-762 Pm (0.5 30 mils), 13-508 Pm (0.5 - 20 mils), or 25-381 Pm (1 - 15 mils), including sub-ranges such as 25-254 Pm (1- 10 mils),
25-127 Pm (1 - 5 mils), or 38-102 Pm (1.5 - 4) mils. Each layer of the film, including those described hereinabove as
well as other layer that may be included in film 10, may have any desired thickness ranging, e.g., from 5 to 70 % of the
total thickness of film 10, including all sub-ranges therebetween, e.g., greater than 5, 10, 15, 20, 30 or 40 %, or less
than 70, 60, 50, or 40 %.
[0049] Each of the layers of multilayer film 10 are preferably adhered to one another at a bond strength of at least
0.88 N/cm (0.5 lbf/inch) (ASTM F 904) and, more preferably, at a bond strength of at least 1.23 N/cm (0.7 lbf/inch).
[0050] Multilayer film 10 preferably has at least about 40 wt.% polyolefin, based on the total weight of the film, such
as at least about 45, 50, 55, 60, 65, 70, or 75 wt.% polyolefin.
[0051] If desired or necessary, any desired lubricating agents or other processing aids may be included in any of the
layers. Such processing aids may include, e.g., graphite, molybdenum disulphide, PEFT, polyethylene and other hydrocarbons, calcium stearate, metallic stearates, fatty acid amides and esters, polyolefin waxes, polyamides, fluoropolymers,
silicones, boron nitride, etc.
[0052] Film 10 may be pigmented or clear. If clear, the film preferably has a haze of less than about 20%, such as
less than about 15 or 10 % (ASTM D-1003).
[0053] Multilayer film 10 may advantageously be used to make any desired package, particularly those employing
heat-seals as described above in the Background section hereof.
[0054] The invention will now be further described in the following examples.
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EXAMPLES
[0055]
45

The materials used in the examples are identified below:

1. PA6-1: CAPRON B100WP; a polyamide 6 resin having a melt flow index of 2.6 g/10 min (ASTM D-1238 (235/1.0)),
a density of 1.135 g/cc (ASTM D-792) and a melting point of 220 °C; purchased from Honeywell of Hopewell, VA.
2. aPA-1: GRIVORY G21; an amorphous polyamide 6I/6T resin with a glass transition temperature (Tg) of 125 °C
(ASTM D-3418) and a density of 1.18 g/cc (ASTM D- 792); obtained from EMS of Sumter, SC.

50

3. aPA-2: GRILAMID TR55; an amorphous polyamide 12/MACMT resin with a glass transition temperature (Tg) of
155 °C (ASTM D-3418) and a density of 1.06 g/cc (ASTM D-792); obtained from EMS of Sumter, SC.

55

4. aPA-3: GRIVORY FE5749; an amorphous polyamide 6I/6T/MACMI resin with a glass transition temperature (Tg)
of 158 °C (ASTM D-3418) and a density of 1.15 g/cc (ISO 1183); obtained from EMS of Sumter, SC.
5. aPA-4: GRIVORY FE5750; an amorphous polyamide 6I/6T/MACMI/MACMT resin with a glass transition temperature (Tg) of 181 °C (ISO 3146-C) and a density of 1.15 g/cc (ISO 1183); obtained from EMS of Sumter, SC.
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6. PA6-2: ULTRAMID KR-4407; a polyamide 6 resin having a density of 1.14 g/cc (ASTM D-3418) and a melting
point of 220 °C (ASTM D-3418), containing less than 1% combined talc and silicon oil; purchased from BASF of
Mount Olive, NJ.
5

10

7. MB1: GRILON XE 3361; a polyamide-6 masterbatch containing 5% talcum (magnesium silicate), 5% calcium
carbonate, and 5% n,n’-ethylene bis stearamide with a density of 1.140 g/cc (ASTM D-792) and a melting point of
220 °C; purchased from EMS of Sumter, SC
8. MB2: CLARIANT 1080864S; a polyamide-6 masterbatch containing 20% diatomaceous earth and 10% erucamide
with a density of 1.20 g/cc (ASTM D-792) and a melting point of 220 °C; purchased from Clariant of Minneapolis, MN.
9. MB3: FSU 255E: a low density polyethylene based masterbatch containing 25.0% diatomaceous earth silica and
5.0% erucamide with a melt index of 8.0 g/10 min (ASTM D-1238) and a density of 1.08 g/cc (ASTM D- 792); obtained
from A. Schulman of Cleveland, OH.

15

10. MB4: Compol 5B10S1: an ethylene-methacrylic acid based masterbatch containing 5 wt. % antiblock and 10
wt. % slip agent with a melt index of 2.5 g/10 min (ASTM D-1238 - condition "E") and a density of 0.96 g/cc (ASTM
D-792); obtained from DuPont of Wilmington, DE.
20

25

11. EVOH: SOARANOL ET3803; an ethylene/vinyl alcohol copolymer having 38% ethylene, a melt index of 3.2 g/
10 min (ASTM D-1238) and a density of 1.17 g/cc (ASTM D-792); obtained from Nippon Goshei, supplied by Soarus
of Arlington Heights, IL.
12. TIE-1: PX 3236; an anhydride-grafted linear low density polyethylene having a melt index of 2.0 g/10 min (ASTM
D-1238) and a density of 0.921 g/cc (ASTM D-792); purchased from Equistar Chemicals of Chicago, IL.
13. TIE-2: PX 2049; an anhydride-grafted high density polyethylene having a melt index of 4.7 g/10 min (ASTM D1238) and a density of 0.955 g/cc (ASTM D-792); obtained from Equistar Chemicals of Chicago, IL.

30
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14. HDPE: FORTIFLEX T60-500-119; a high density polyethylene with a melt index of 6.2 g/10 min (ASTM D-1238)
and a density of 0.961 (ASTM D-792); obtained from Solvay Polymers of Houston, TX.
15. LLDPE-1:EXACT 3024: a homogeneous ethylene/butene-1 copolymer, produced by single site metallocene
catalysis, with a melt index of 4.5 g/10 min (ASTM D-1238), a melting point (Tm) of 98 °C (DSC per ExxonMobil
Method) and a density of 0.905 g/cc (Density per ExxonMobil Method); purchased from Exxon Mobil of Houston, TX.
16. LLDPE-2: AFFINITY KC 8852: a homogeneous ethylene/octene copolymer, produced via INSITE™ Technology,
with a melt index 3.0 g/10 min of (ASTM D-1238), a melting point (Tm) of 68 °C (DSC per Dow Method) and a density
of 0.875 g/cc (ASTM D-792); purchased from Dow Chemicals of Chicago, IL.

40

17. LLDPE-3: SURLYN 9020: an ethylene/methacrylic acid copolymer, partially neutralized with zinc ions (commonly
referred to as an "ionomer"), with a melt index of 1.0 g/10 min (ASTM D-1238), a melting point (Tm) of 81 °C
(Differential Thermal Analysis per DuPont method) and a density of 0.96 g/cc (ASTM D-792); purchased from DuPont
of Wilmington, DE.
45

18. LLDPE-4:EXCEED 4518PA; an ethylene hexene-1 copolymer, produced by single site catalysis, with a melt
index of 4.5 g/10 min (ASTM D-1238) and a density of 0.918 g/cc (ASTM D-1505); purchased from Exxon Mobil of
Houston, TX.
50

55

19. LLDPE-5: TAFMER P-0480; an ethylene propylene copolymer (80% ethylene/20% propylene), with a melt index
of 1.8 g/10 min (ASTM D-1238) and a density of 0.87 g/cc (ASTM D-792) purchased from Mitsui Chemicals of
Newark, NJ.
20. LDPE: ESCORENE LD200.48; a low density polyethylene with a melt index of 7.5 g/10 min (Melt index per
ExxonMobil Method) and a density of 0.917 g/cc (Density per ExxonMobil Method); obtained from Exxon Mobil of
Houston, TX.
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Example 1 (Comparative)
[0056] With reference to FIG. 1, a comparative multilayer film was made and had the following nine-layer structure
with a total film thickness of 63.5 Pm (2.5 mils):
5

10

Layer 14:

96% LLDPE-1 + 4% MB3 (12% of total thickness of layers 1-9) [Seal Layer];

Layer 34:

HDPE (18% of total thickness of layers 1-9);

Layer 38:

TIE-1 (10% of total thickness of layers 1-9);

Layer 30:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 20:

EVOH (6% of total thickness of layers 1-9);

Layer 16:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 12:

aPA-1 (18% of total thickness of layers 1-9);

Layer 36:

TIE-1 (10% of total thickness of layers 1-9); and

Layer 26:

96% PA6-2 + 2% MB1 + 2% MB2 (13% of total thickness of layers 1-9).

15

20

25

[0057] The film was fully coextruded and produced by a cast coextrusion process using an annular die, followed by
a water quench upon exiting the die.
Example 2

30
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[0058] With reference to FIG. 1, a multilayer film in accordance with the present invention was made by the process
described above for Comparative Example 1, and had the following nine-layer structure with a total film thickness 63.5
Pm (2.5 mils):
Layer 14:

92% LLDPE-3 + 8% MB4 (12% of total thickness of layers 1-9) [Seal Layer];

Layer 34:

55% LLDPE-4 + 35%LLDPE-5 +10%LDPE (12% of total thickness of layers 1-9);

Layer 38:

TIE-2 (16% of total thickness of layers 1-9);

Layer 30:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 20:

EVOH (6% of total thickness of layers 1-9);

Layer 16:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 12:

aPA-2 (18% of total thickness of layers 1-9);

Layer 36:

TIE-1 (10% of total thickness of layers 1-9); and

Layer 26:

96% PA6-2 + 2% MB1 + 2% MB2 (13% of total thickness of layers 1-9).

40
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Example 3
[0059] Again with reference to FIG. 1, a multilayer film in accordance with the present invention was made as described
in Comparative Example 1 and had the following nine-layer structure with a total film thickness 63.5 Pm (2.5 mils):
55

Layer 14:

93% LLDPE-2 + 7% MB3 (15% of total thickness of layers 1-9) [Seal Layer];

Layer 34:

HDPE (15% of total thickness of layers 1-9);
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Layer 38:

TIE-1 (10% of total thickness of layers 1-9);

Layer 30:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 20:

EVOH (6% of total thickness of layers 1-9);

Layer 16:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 12:

aPA-2 (18% of total thickness of layers 1-9);

Layer 36:

TIE-1 (10% of total thickness of layers 1-9); and

Layer 26:

96% PA6-2 + 2% MB1 + 2% MB2 (13% of total thickness of layers 1-9).

10

15

Example 4
[0060] Also with reference to FIG. 1, a multilayer film in accordance with the present invention was made as described
in Comparative Example 1 and had the following nine-layer structure with a total film thickness 63.5 Pm (2.5 mils):

20

Layer 14:

93% LLDPE-2 + 7% MB3 (15% of total thickness of layers 1-9) [Seal Layer];

Layer 34:

HDPE (15% of total thickness of layers 1-9);

Layer 38:

TIE-1 (10% of total thickness of layers 1-9);

Layer 30:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 20:

EVOH (6% of total thickness of layers 1-9);

Layer 16:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 12:

aPA-3 (18% of total thickness of layers 1-9);

Layer 36:

TIE-1 (10% of total thickness of layers 1-9); and

Layer 26:

96% PA6-2 + 2% MB1 + 2% MB2 (13% of total thickness of layers 1-9).

25
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Example 5
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[0061] With further reference to FIG. 1, a multilayer film in accordance with the present invention was made as described
in Comparative Example 1 and had the following nine-layer structure with a total film thickness 63.5 Pm (2.5 mils):
Layer 14:

93% LLDPE-2 + 7% MB3 (15% of total thickness of layers 1-9) [Seal Layer];

Layer 34:

HDPE (18% of total thickness of layers 1-9);

Layer 38:

TIE-1 (10% of total thickness of layers 1-9);

Layer 30:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 20:

EVOH (6% of total thickness of layers 1-9);

Layer 16:

PA6-1 (6.5% of total thickness of layers 1-9);

Layer 12:

aPA-4 (18% of total thickness of layers 1-9);

Layer 36:

TIE-1 (10% of total thickness of layers 1-9); and

50
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Layer 26:

96% PA6-2 + 2% MB1 + 2% MB2 (13% of total thickness of layers 1-9).

Example 6
5

[0062]

The films of Examples 1-5 were subjected to the following tests:

1) Storage Modulus: tested in both the machine direction (MD) and transverse direction (TD) in accordance with
ASTM D-5026-95a; expressed in MPa and psi (pounds/in2) of the cross-sectional area of the film and reported as
the average of the values measured for the MD and TD.
10

2) Tensile Strength and Elongation: tested in both the machine direction (MD) and transverse direction (TD) in
accordance with ASTM D-882; tensile strength is expressed in MPa and psi (pounds/in2) and elongation is expressed
in %.
15

3) Young’s Modulus: tested in both the machine direction (MD) and transverse direction (TD) in accordance with
ASTM D-882; expressed in MPa and psi (pounds/in2).
4) Haze: tested in accordance with ASTM D-1003; expressed in %.

20

5) Clarity: tested in accordance with ASTM D-1746; expressed in %. The results are summarized in Table 1.

TABLE 1
25

30

35

40

45

50

55

Test

Comp.
Example 1

Example 2

Example 3

Example 4

Example 5

Tensile Strength
at yield
measured at 73°
F MD/TD (MPa)
[psi x 1000)]

31.7/31.0
[4.6/4.5]

31.0/29.6
[4.5/4.3]

31.0/29.6
[4.5/4.3]

31.7/33.1
[4.6/4.8]

34.5/33.8
[5.0/4.9]

Elongation at
yield measured
at 23°C (73 °F)
MD/TD (%)

7.5/7.4

9.3/9.3

8.6/8.4

7.8/7.5

8.1/7.7

877/910
[127/132]

689/758
[100/110]

841/800
[122/116]

882/945
[128/137]

1000/1014
[145/157]

80.56 [11,684]

325.67 [47,235]

314.68 [45,640]

444.42 [64,458]

427.23 [61,964]

Haze (%)

7.8

10.9

9.1

9.4

9.6

Clarity (%)

3.7

25.4

3.8

4.3

15.0

Young’s
Modulus
measured at
23°C (73°F)
MD/TD (MPa)
[psi x 1000]
Storage
Modulus at 150
°C (MPa) [psi]

[0063] As indicated, the films of Examples 2-5 were similar to that of Comparative Example 1 in terms of optics and
mechanical properties at lower temperatures. Significantly, however, the films of Examples 2-5 maintained high storage
modulus, i.e., greater than 310 MPa (45,000 psi), temperatures up to and exceeding 150 °C. Such films therefore have
excellent dimensional stability at high temperatures, such as those that are experienced during various packaging
operations as discussed hereinabove. This is contrast to the film of Comparative Example 1, which exhibited a storage
modulus of less than 82.7 MPa (12,000 psi) at 150 °C.
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[0064] In this example, the films of Examples 1-5 were sealed to a thermoformed pocket after placing a plastic block
in the pocket as described below and evacuating the space between the film and pocket so that the block was vacuumpackaged inside of the resultant package. A Multivac R7000 vacuum packaging machine was used to make the packages.
The films of Examples 1-5 were employed as top webs and joined via heat-sealing to a bottom web having thermoformed
pockets therein. A block was placed in each pocket and sandwiched between the top and bottom webs in an evacuation/
sealing chamber, a component of the R7000 packaging machine. In the chamber, air was evacuated such that a 10
mbar vacuum was produced. A heated seal-head then forced the top and bottom webs together for 1.0 second to produce
a heat-seal between the two webs around the periphery of the pocket, thereby enclosing the block between the two
webs. Various sealing temperatures ranging from about 85 °C to about 155 °C were used in order to test the ability of
the films to both resist deformation and produce a heat-seal at such temperatures. Each resultant package was severed
from the top and bottom webs to produce individual packages for inspection and testing as described below.
[0065] For the films of Comparative Example 1 and Examples 3-5, the bottom web to which such films were sealed
had the following 9-layer structure:
Layer 1:
Layer 2:
Layer 3:
Layer 4:
Layer 5:
Layer 6:
Layer 7:
Layer 8:
Layer 9:

94% LLDPE-A + 6% MB3 (8% of total thickness of layers 1-9) [Heat Seal Layer];
90% LLDPE-B + 10% LLDPE-C (17% of total thickness of layers 1-9);
TIE-A (8% of total thickness of layers 1-9);
PA6-A (13% of total thickness of layers 1-9);
EVOH (10% of total thickness of layers 1-9);
PA6-A (13% of total thickness of layers 1-9);
TIE-B (7% of total thickness of layers 1-9);
PP-1 (14% of total thickness of layers 1-9); and
PP-2 (10% of total thickness of layers 1-9);

wherein,
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LLDPE-A = a copolymer of ethylene and octene-1 having a density of 0.900 g/cc, a melt index of 6.0 g/10 min. and
an octene percentage of 13%;
LLDPE-B = an ethylene/hexene-1 copolymer with a density of 0.918 g/cc and a melt index of 4.5 g/10 min.;
LLDPE-C = a linear low density polyethylene with a density of 0.915 g/cc;
Tie-A = an anhydride-grafted, butene-based LLDPE;
Tie-B = a maleic anhydride-grafted polypropylene;
PA6-A = a polycaprolactam (nylon-6) with a melting point of 220 degrees C;
EVOH = Same as other examples;
PP-1 = an ethylene/propylene copolymer with a density of 0.902 g/cc and an ethylene content of 2.8 wt. %; and
PP-2 = a propylene homopolymer a density of 0.900 g/cc.
[0066] "Layer 1" of the bottom web was sealed to "Layer 14" of the films of Examples 1 and 2-5 (both heat-seal layers
are compatible in that both comprise a majority amount of LLDPE). With respect to the film of Example 2, the bottom
web to which it was sealed was similar to the above-described bottom web, except that the heat-seal layer ("Layer 1 ")
comprised a majority amount of an ionomer with a melting point of 96 °C to provide compatibility with the heat-seal layer
of the film of Example 2 ("Layer 14"), which also comprised an ionomer.
[0067] In order to assess the ability of the films to resist deformation under stress and high temperatures, an "ink
cracking" evaluation was performed on each film as follows. Prior to making the vacuum packages on the Multilvac
R7000 packaging machine as described above, the non-heat-seal surface of each film (i.e., the surface of "Layer 26")
was first corona treated after extrusion [watt density of 2.0 kW and line speed of 61m/min (200 ft/min.)] and then again
on a flexographic printing press [2.5 to 3.0 kW at a line speed of approximately 38m/min (125ft/min)]. The film was printed
with a large coverage of white (model # P001) and black (model # P019) solvent-based inks from AXL. Flexographic
printing plates having eyebars at 896 mm over 3 repeats were used. The inks were dried at tunnel temperatures ranging
from about 49-54°C (120-130 °F). All printed areas, including eyebars, were overcoated with Sun GAIFB0440206 EB
OPV from Sun Chemical. This electron-beam-curable over-print varnish was then electron-beam cured at a dose of 2
mR at 70 kV. The film was then slit to 405mm in order to be tested on the Multivac R7000.
[0068] As noted above, each of the vacuum packages contained therein a plastic block. Each block [(L=17.8cm (7.5"),
W=7.6cm (3.5"), H=5.1cm (2.0")] contained a total of 10 holes that were evenly spaced in two rows on the surface of
the block. The diameter of the holes varied from 10 to 19 mm, and all had a depth of 40 mm deep (hole diameters in
first row =10, 11, 12, 13 and 14 mm; hole diameters in second row = 15,16,17,18 and 19 mm). A total of 4 packages
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were made with each of the films of Examples 1-5.
[0069] The performance of the films was evaluated for sealing temperatures (as applied on the vacuum packaging
machine) ranging from 100 °C to 150 °C. The blocks were removed from the completed packages and the areas of the
non-forming web corresponding to the hole locations on the test blocks were then inspected for ink cracking. During the
vacuum packaging and heat-sealing process, a pressure differential across the films was produced, resulting in a net
downward force that tended to push the films into the holes on the blocks. The ability of the film to resist such deformation
at the applied sealing temperature is a measure of the film’s ability to resist other types of deformation at similar temperatures, e.g., as may be experienced by the film during various packaging operations as described hereinabove. If
the ink/varnish overcoat was found to be cracked in the area that was next to a hole during vacuum packaging, this
indicated that excessive deformation occurred. The results are summarized in Table 2, and are expressed as the percentage of hole locations on the film that exhibited signs of ink cracking for each seal temperature (averaged from the
4 packages made at each seal temperature for each of the films of Examples 1-5).
[0070] Also set forth in Table 2 are the storage modulus values measured for each film at each of the applied seal
temperatures.

15

TABLE 2
Example
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1
(Comp.)
[aPA-1 (Tg=125 °C);
LLDPE-1 (Tm = 98°C)]

30

2
[aPA-2 (Tg =155 °C);
LLDPE-3 (Tm = 81°C)]

35

3
[aPA-2 (Tg =155 °C);
LLDPE-2 (Tm = 68 °C)]

40

4
[aPA-3 (Tg =158 °C);
LLDPE-2 (Tm = 68 °C)]
5
[aPA-4 (Tg=181°C;
LLDPE-2(Tm = 68°C)

45

50

55

∆T
(Tg of aPA minus
Tm of Seal Layer
(°C))

27

74

87

90

113

Sealing Temp.
on Multivac
R7000 (°C)

Storage Modulus
(MPa) [psi]

% Holes with Ink
Cracks

100
115
130
150

571.55 [82,897]
510.74 [74,077]
275.07 [39,896]
80.56 [11,684]

Not
Sealed
48
78
95

100
115
130
150

472.16 [68,481]
428.73 [62,182]
383.97 [55,690]
325.67 [47,235]

3
20
43
64

100
115
130
150

432.38 [62,712]
391.13 [56,728]
371.65 [53,903]
314.68 [45,640]

0
18
44
71

100
115
130
150

603.89 [87,587]
557.14 [80,806]
530.83 [76,990]
444.42 [64,458]

1
21
48
91

100
115
130
140
150

530.52 [76,946]
490.03 [71,073]
460.95 [66,855]
443.75 [64,361]
427.23 [61,964]

0
1
15
31
49

[0071] As is apparent by the results shown in Table 2, the films of Examples 2-5, having a ∆T of at least 45 °C, exhibit
less ink cracking at each sealing temperature than the films of Comparative Example 1, with a ∆T of only 27 °C. This
provides a strong indication that the films of the invention exhibited less deformation at high temperatures than films
having a ∆T of less than 45 °C.
[0072] Also, the films of Examples 2-5 maintained a storage modulus of greater than 45,000 psi even as the seal
temperatures were increased to 150 °C. In contrast, the storage modulus of the film of Comparative Example 1 decreased
sharply as the sealing temperature increased above 130 °C. Consistent with this finding, the mechanical properties of
the film of Example 1 have also been observed to drop steeply as the temperature of the film approached and exceeded
about 130 °C. Machineability issues such as poor print registration and excess web stretching were typically associated
with this drop in mechanical properties. For example, the film of Comp. Example 1 was found to exhibit recurrent print
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registration issues when a seal temperature of 150°C was employed. On the other hand, the films of Example 3 did not
miss print registration at seal temperatures up to 165°C.
Example 8
5

10

15

[0073] In addition to greater dimensional stability at elevated temperatures as demonstrated in Example 7, films having
a ∆T of at least 45 °C (Tg of the amorphous polyamide minus Tm of seal layer) in accordance with the present invention
also provide the ability to seal at a lower temperature, relative to the Tg of the amorphous layer, than films having a lower
∆T. In this example, the seal strengths of Comparative Example 1 and Examples 3-5 were compared at various seal
temperatures. For each test, the films of Examples 1 and 3-5 were sealed to the bottom web as described above
(employing "LLDPE-A" as the heat seal layer). Seal strength was measured on an Instron’s Model 5543 machine at a
fast pulling rate as specified in ASTM D-882. All seals were produced on the Multivac R7000 machine using a 1 second
dwell time and a pressure of approximately 320 kPa (3.2 bars). The seal strength values reported in Table 3 are an
average of 4 readings at each seal temperature (2 readings in the machine direction, 2 readings in the transverse
direction).
TABLE 3
Seal Temp. (°C)
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Example

85

95

100

105

115

125

130

135

150

155

0 [0]

0 [0]

-

4.7
[2.7]

27.5
[15.7]

28.0
[16.0]

-

25.6
[14.6]

-

27.3
[15.6]

25

Seal
Strength
of Comp.
Ex. 1
(N/cm)
[pounds/
linear
inch]
Seal
Strength
of Ex.3
(N/cm)
[pounds/
linear
inch]

0 [0]

11.0
[6.3]

-

21.5
[12.3]

27.3
[15.6]

27.1
[15.5]

-

28.4
[16.2]

-

27.1
[15.5]

Seal
Strength
of Ex. 4
(N/cm)
[pounds/
linear
inch]

-

-

10.5
[6.0]

-

25.4
[14.5]

-

25.2
[14.4]

-

26.4
[15.1]

-

Seal
Strength
of Ex. 5
(N/cm)
[pounds/
linear
inch]

-

-

15.4
[8.8]

-

25.4
[14.5]

-

25.2
[14.4]

-

25.2
[14.4]

-

30

35

40

45
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[0074] In general, a seal strength of at least 5 pounds/linear inch is required for commercial applications, and this was
achieved for the films of Examples 3-5 at seal temperatures of 100 °C or less. In contrast, the film of Comparative
Example 1 was unable to achieve a seal strength of at least 5 pounds/linear inch until a seal temp. of between 105 and
115 °C was reached. This is consistent with the data set forth above in Example 7, wherein the film of Comp. Ex. 1 could
not form a seal sufficient to create a vacuum package at a seal temp. of 100 °C. However, as also seen above in Example
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7, at seal temps of 115 °C and above, the ink-crack performance of the films of Comp. Ex. 1 were inferior to the inkcrack performance of the films in accordance with the present invention. Accordingly, films having a ∆T of at least 45
°C provide greater resistance to thermal deformation at higher temperatures but also allow lower seal temperatures to
be used, thereby providing a broader processing window than similar films with a ∆T of less than 45 °C.
[0075] The seal strength performance of the films of Example 2 were similarly tested, except that the bottom web to
which such films were sealed had a seal layer comprising an ionomeric material in order to be compatible with the
ionomeric sealant in the seal layer of the film of Example 2. Ionomeric sealants exhibit different seal-strength characteristics than ethylene/alpha-olefin copolymer sealants as used in Examples 1 and 3-5. Thus, the seal-strength data is
not directly comparable with that for Examples 1 and 3-5. For example, the film of Example 2 required a seal temp. of
135 °C to provide a seal-strength above 5 pounds/linear inch, which did not increase above 6 pounds/linear inch even
at a seal temp. of 155 °C. However, because such film had a ∆T of 74 °C, the film still maintained good dimensional
stability even at such elevated sealing temperatures (see Example 7).
[0076] While the invention has been described with reference to illustrative examples, those skilled in the art will
understand that various modifications may be made to the invention as described without departing from the scope of
the claims which follow.

Claims
20

1.

A multilayer film, comprising:
a. a first layer comprising an amorphous polymer that exhibits a glass transition temperature; and
b. a second layer forming an exterior layer of said multilayer film and comprising a sealant material capable of
forming a heat-seal, said sealant material comprising a polymer that exhibits a melting point,

25

wherein, the glass transition temperature of said amorphous polymer is greater than the melting point of said sealant
material by at least 45 °C.
2.

The multilayer film of claim 1, wherein said amorphous polymer in said first layer has a glass transition temperature
of at least 140 °C.

3.

The multilayer film of claim 1, wherein said amorphous polymer in said first layer comprises an amorphous polyamide.

4.

The multilayer film of claim 3, wherein said amorphous polyamide comprises at least one member selected from
polyamide 6I/6T, polyamide 6I/MACMT, polyamide 6I/MACMI, polyamide 6I/MACMI/MACMT, polyamide 6/MACMI/
MXDI, polyamide 6I/6T/MACMI, polyamide 6I/6T/MACMI/MACMT, polyamide 12/MACMT, polyamide 12/MACMI,
polyamide 12/IPDI/PACMI, polyamide 12/PACMI, polyamide TMDT, polyamide 6I/6T/IPD, polyamide 6I/6T/PACMI/
PACMT, polyamide 6I/6, polyamide MACMI/MACMX, polyamide XT/MACMT, polyamide 6/AMNBT, polyamide
PACM 12, and polyamide MDI6/MDI9.

5.

The multilayer film of claim 3, wherein said first layer comprises a blend of at least two amorphous polyamides.

6.

The multilayer film of claim 1, wherein said amorphous polymer in said first layer comprises at least one member
selected from polycarbonate, cyclic olefin copolymer, polysulfone, polyethersulfone, polyarylsulfone, styrene maleic
anhydride copolymer, polyetherimide, polyphenylene oxide, polyphenylene oxide /polystyrene alloys, polyphenylene
ether and polyarylate.

7.

The multilayer film of claim 1, wherein said sealant material in said second layer has a melting point of less than 110 °C.

50

8.

The multilayer film of claim 1, wherein said sealant material in said second layer comprises at least one member
selected from ionomers, heterogeneous ethylene/alpha-olefin copolymer, homogeneous ethylene/alpha-olefin copolymer, ethylene/unsaturated ester copolymer, ethylene/unsaturated acid copolymer, ethylene/propylene copolymer, and polybutylene homopolymer or copolymer.

55

9.

The multilayer film of claim 1, further comprising a third layer adhered to a surface of said first layer.

30

35

40

45

10. The multilayer film of claim 9, wherein said third layer comprises at least one member selected from polyamide
homopolymer or copolymer, acid-modified polyolefins, anhydride-modified polyolefins, ethylene/acrylic acid copol-
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ymer, ethylene/methacrylic acid copolymer, and ethylene copolymer or terpolymer having between 5 and 30 mole
% ester mer units..
11. The multilayer film of claim 9, further comprising a fourth layer adhered to a surface of said third layer.
5

12. The multilayer film of claim 11, wherein said fourth layer comprises at least one member selected from ethylene/
vinyl alcohol copolymer, polyamide MXD6, polyamide MXD6/MXDI, polyvinylidene chloride, and polyacrylonitrile.

10
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13. The multilayer film of claim 11, wherein said film has an oxygen transmission rate of less than or equal to 30 cc of
oxygen per square meter of film per 24 hour period at 101325Pa (1 atmosphere) and at a temperature of 23°C
(73°F) (at 0% relative humidity).
14. The multilayer film of claim 11, further comprising a fifth layer, said fifth layer forming an exterior layer of said
multilayer film opposite said second layer and comprising a material having a surface energy of at least 3.6 Pa (36
dynes/cm2).
15. The multilayer film of claim 14, wherein said fifth layer comprises at least one material selected from polyamides,
polyesters, polycarbonates, polyurethanes, and polyacrylates.
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16. The multilayer film of claim 14, further comprising a sixth layer adhered to a surface of said fourth layer, said sixth
layer comprising at least one member selected from polyamide homopolymer or copolymer, acid-modified polyolefins, anhydride-modified polyolefins, ethylene/acrylic acid copolymer, ethylene/methacrylic acid copolymer, and
ethylene copolymer or terpolymer having between 5 and 30 mole % ester mer units.

25

17. The multilayer film of claim 16, further comprising a seventh layer positioned between said second and sixth layers,
said seventh layer comprising at least one material selected from high density polyethylene, low density polyethylene,
linear low density polyethylene, cyclic olefin copolymer, polypropylene, polyamide, and polyesters.

30

18. The multilayer film of claim 1, wherein said film has a storage modulus of at least 175 N/cm (100 pounds/linear inch)
of width at temperatures up to 140 °C.
19. The multilayer film of claim 1, wherein said film has a thickness ranging from 13 to 1270 Pm (0.5 to 50 mils).
20. The multilayer film of claim 1, wherein said film is coextruded.

35

21. The multilayer film of claim 1, further including at least one printed image on an outer surface thereof.
22. The multilayer film of claim 1, wherein said film has a storage modulus of at least 138 MPa, (20,000 psi) at 150°C.
40

23. A package made from the film of claim 1.

Patentansprüche
45

1.

Mehrschichtfolie, die
a. eine erste Schicht, die ein amorphes Polymer umfasst, das eine Glasübergangstemperatur aufweist, und
b. eine zweite Schicht umfasst, die eine äußere Schicht der Mehrschichtfolie bildet und ein Siegelmaterial
umfasst, das eine Heißsiegelung bilden kann, wobei das Siegelmaterial ein Polymer umfasst, das einen
Schmelzpunkt aufweist,

50

wobei die Glasübergangstemperatur des amorphen Polymers um mindestens 45°C größer als der Schmelzpunkt
des Siegelmaterials ist.
55

2.

Mehrschichtfolie nach Anspruch 1, bei der das amorphe Polymer in der ersten Schicht eine Glasübergangstemperatur von mindestens 140°C hat.

3.

Mehrschichtfolie nach Anspruch 1, bei der das amorphe Polymer in der ersten Schicht ein amorphes Polyamid
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umfasst.
4.

Mehrschichtfolie nach Anspruch 3, bei der das amorphe Polyamid mindestens ein Mitglied ausgewählt aus Polyamid
6I/6T, Polyamid 61/MACMT, Polyamid 6I/MACMI, Polyamid 61/MACMI/MACMT, Polyamid 6/MACMI/MXDI, Polyamid 6I/6T/MACMI, Polyamid 6I/6T/MACMI/MACMT, Polyamid 12/MACMT, Polyamid 12/MACMI, Polyamid 12/IPDI/
PACMI, Polyamid 12/PACMI, Polyamid TMDT, Polyamid 6I/6T/IPD, Polyamid 6I/6T/PACMI/PACMT, Polyamid 6I/
6, Polyamid MACMI/MACMX, Polyamid XT/MACMT, Polyamid 6/AMNBT, Polyamid PACM 12 und Polyamid
MDI6/MDI9 umfasst.

5.

Mehrschichtfolie nach Anspruch 3, bei der die erste Schicht ein Gemisch aus mindestens zwei amorphen Polyamiden
umfasst.

6.

Mehrschichtfolie nach Anspruch 1, bei der das amorphe Polymer in der ersten Schicht mindestens ein Mitglied
ausgewählt aus Polycarbonat, Copolymer von cyclischem Olefin, Polysulfon, Polyethersulfon, Polyarylsulfon, StyrolMaleinsäureanhydrid-Copolymer, Polyetherimid, Polyphenylenoxid, Polyphenylenoxid/Polystyrol-Legierungen, Polyphenylenether und Polyarylat umfasst.

7.

Mehrschichtfolie nach Anspruch 1, bei der das Siegelmaterial in der zweiten Schicht einen Schmelzpunkt von
weniger als 110°C hat.

8.

Mehrschichtfolie nach Anspruch 1, bei der das Siegelmaterial in der zweiten Schicht mindestens ein Mitglied ausgewählt aus Ionomeren, heterogenem Ethylen/α-Olefin-Copolymer, homogenem Ethylen/α-Olefin-Copolymer,
Ethylen/ungesättigtem Ester-Copolymer, Ethylen/ungesättigter Säure-Copolymer, Ethylen/Propylen-Copolymer
und Polybutylenhomopolymer oder -copolymer umfasst.

9.

Mehrschichtfolie nach Anspruch 1, die ferner eine dritte Schicht umfasst, die an einer Oberfläche der ersten Schicht
haftet.
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10. Mehrschichtfolie nach Anspruch 9, bei der die dritte Schicht mindestens ein Mitglied ausgewählt aus Polyamidhomopolymer oder -copolymer, säuremodifizierten Polyolefinen, anhydridmodifizierten Polyolefinen, Ethylen/Acrylsäure-Copolymer, Ethylen/Methacrylsäure-Copolymer und Ethylencopolymer oder -terpolymer mit zwischen 5 und
30 Mol.% Estermereinheiten umfasst.
11. Mehrschichtfolie nach Anspruch 9, die ferner eine vierte Schicht umfasst, die an einer Oberfläche der dritten Schicht
haftet.
12. Mehrschichtfolie nach Anspruch 11, bei der die vierte Schicht mindestens ein Mitglied ausgewählt aus Ethylen/
Vinylalkohol-Copolymer, Polyamid MXD6, Polyamid MXD6/MXDI, Polyvinylidenchlorid und Polyacrylnitril umfasst.

40
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13. Mehrschichtfolie nach Anspruch 11, bei der die Folie eine Sauerstoffdurchlässigkeit von weniger als oder gleich 30
cm3 Sauerstoff pro Quadratmeter Folie in einem Zeitraum von 24 Stunden bei 101325 Pa (1 atm) und einer Temperatur von 23°C (73°F) (bei 0 % relativer Feuchtigkeit) hat.
14. Mehrschichtfolie nach Anspruch 11, die ferner eine fünfte Schicht umfasst, wobei die fünfte Schicht eine äußere
Schicht der Mehrschichtfolie gegenüber der zweiten Schicht bildet und ein Material mit einer Oberflächenenergie
von mindestens 3,6 Pa (36 dyne/cm2) umfasst.
15. Mehrschichtfolie nach Anspruch 14, bei der die fünfte Schicht mindestens ein Material ausgewählt aus Polyamiden,
Polyestern, Polycarbonaten, Polyurethanen und Polyacrylaten umfasst.

50
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16. Mehrschichtfolie nach Anspruch 14, die ferner eine sechste Schicht umfasst, die an einer Oberfläche der vierten
Schicht haftet, wobei die sechste Schicht mindestens ein Mitglied ausgewählt aus Polyamidhomopolymer oder
-copolymer, säuremodifizierten Polyolefinen, anhydridmodifizierten Polyolefinen, Ethylen/Acrylsäure-Copolymer,
Ethylen/Methacrylsäure-Copolymer und Ethylencopolymer oder -terpolymer mit zwischen 5 und 30 Mol.% Estermereinheiten umfasst.
17. Mehrschichtfolie nach Anspruch 16, die ferner eine siebte Schicht umfasst, die zwischen der zweiten und der
sechsten Schicht angeordnet ist, wobei die siebte Schicht mindestens ein Material ausgewählt aus Polyethylen
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hoher Dichte, Polyethylen niedriger Dichte, linearem Polyethylen niedriger Dichte, Copolymer von cyclischem Olefin,
Polypropylen, Polyamid und Polyestern umfasst.

5

18. Mehrschichtfolie nach Anspruch 1, die einen Speichermodul von mindestens 175 N/cm (100 1b/linearem Zoll Breite)
bei Temperaturen bis zu 140°C hat.
19. Mehrschichtfolie nach Anspruch 1, die eine Dicke im Bereich von 13 bis 1270 Pm (0,5 bis 50 mil) hat.
20. Mehrschichtfolie nach Anspruch 1, die coextrudiert ist.

10

21. Mehrschichtfolie nach Anspruch 1, die ferner mindestens ein gedrucktes Bild auf einer ihrer Außenseiten einschließt.
22. Mehrschichtfolie nach Anspruch 1, die einen Speichermodul von mindestens 138 MPa (20.000 psi) bei 150°C hat.
15

23. Verpackung, die aus der Folie gemäß Anspruch 1 hergestellt ist.

Revendications
20

1.

Film multicouche qui comporte :
a) une première couche comprenant un polymère amorphe qui présente une température de transition vitreuse,
b) et une deuxième couche constituant la couche externe dudit film multicouche et comprenant un matériau
d’étanchéité capable de former un joint de thermoscellage, lequel matériau d’étanchéité comprend un polymère
qui présente un point de fusion,

25

et dans lequel film la température de transition vitreuse dudit polymère amorphe est supérieure d’au moins 45 °C
au point de fusion dudit matériau d’étanchéité.
30

2.

Film multicouche conforme à la revendication 1, dans lequel la température de transition vitreuse dudit polymère
amorphe présent dans ladite première couche vaut au moins 140 °C.

3.

Film multicouche conforme à la revendication 1, dans lequel ledit polymère amorphe présent dans ladite première
couche comprend un po-1yamide amorphe.

4.

Film multicouche conforme à la revendication 3, dans lequel ledit polyamide amorphe comprend au moins un
polyamide choisi parmi les suivants : polyamide 6I/6T, polyamide 6I/MACMT, polyamide 6I/MACMI, polyamide 6I/
MACMI/MACMT, polyamide 6/MACMI/MXDI, polyamide 6I/6T/MACMI, polyamide 6I/6T/MACMI/MACMT, polyamide 12/MACMT, polyamide 12/MACMI, polyamide 12/IPDI/PACMI, polyamide 12/PACMI, polyamide TMDT, polyamide 61/6T/IPD, polyamide 6I/6T/PACMI/PACMT, polyamide 61/6, polyamide MACMI/MACMX, polyamide XT/
MACMT, polyamide 6/AMNBT, polyamide PACM/12 et polyamide MDI6/MDI9.

5.

Film multicouche conforme à la revendication 3, dans lequel ladite première couche comprend un mélange d’au
moins deux polyamides amorphes.

6.

Film multicouche conforme à la revendication 1, dans lequel ledit polymère amorphe présent dans ladite première
couche comprend au moins un polymère choisi parmi les polycarbonates, copolymères d’oléfine cyclique, polysulfones, poly(éther sulfone), polyarylsulfones, copolymères de styrène et d’anhydride maléique, poly(éther imide),
poly(oxyphénylène), alliages de poly(oxyphénylène) et de polystyrène, poly(phénylène éther) et polyarylates.

7.

Film multicouche conforme à la revendication 1, dans lequel le point de fusion dudit matériau d’étanchéité présent
dans ladite deuxième couche est inférieur à 110 °C.

8.

Film multicouche conforme à la revendication 1, dans lequel ledit matériau d’étanchéité présent dans ladite deuxième
couche comprend au moins un matériau choisi parmi les ionomères, copolymères hétérogènes d’éthylène et d’alphaoléfine, copolymères homogènes d’éthylène et d’alpha-oléfine, copolymères d’éthylène et d’ester insaturé, copolymères d’éthylène et d’acide insaturé, copolymères d’éthylène et de propylène, et polybutylènes homopolymères ou
copolymères.
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9.
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Film multicouche conforme à la revendication 1, qui comporte en outre une troisième couche qui adhère à une
surface de ladite première couche.

10. Film multicouche conforme à la revendication 9, dans lequel ladite troisième couche comprend au moins un matériau
choisi parmi les polyamides homopolymères ou copolymères, les polyoléfines modifiées par acide, les polyoléfines
modifiées par anhydride, les copolymères d’éthylène et d’acide acrylique, les copolymères d’éthylène et d’acide
méthacrylique, et les copolymères ou terpolymères d’éthylène comportant de 5 à 30 % en moles de motifs de
monomère ester.
11. Film multicouche conforme à la revendication 9, qui comporte en outre une quatrième couche qui adhère à une
surface de ladite troisième couche.
12. Film multicouche conforme à la revendication 11, dans lequel ladite quatrième couche comprend au moins un
matériau choisi parmi les copolymères d’éthylène et d’alcool vinylique, polyamide MXD6, polyamide MXD6/MXDI,
poly(chlorure de vinylidène) et polyacrylonitrile.
13. Film multicouche conforme à la revendication 11, lequel film laisse passer l’oxygène à une vitesse inférieure ou
égale à 30 cm3 d’oxygène par mètre carré de film et par période de 24 heures, sous une pression de 101 325 Pa
(1 atm) et à une température de 23 °C (73 °F), sous 0 % d’humidité relative.
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14. Film multicouche conforme à la revendication 11, comportant en outre une cinquième couche, laquelle cinquième
couche constitue pour ledit film multicouche une couche externe disposée à l’opposé de ladite deuxième couche
et comprend un matériau dont la tension superficielle vaut au moins 3,6 Pa (36 dynes/cm2).
25
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15. Film multicouche conforme à la revendication 14, dans lequel ladite cinquième couche comprend au moins un
matériau choisi parmi les polyamides, polyesters, polycarbonates, polyuréthanes et polyacrylates.
16. Film multicouche conforme à la revendication 14, comportant en outre une sixième couche qui adhère à une surface
de ladite quatrième couche, laquelle sixième couche comprend au moins un matériau choisi parmi les polyamides
homopolymères ou copolymères, les polyoléfines modifiées par acide, les polyoléfines modifiées par anhydride,
les copolymères d’éthylène et d’acide acrylique, les copolymères d’éthylène et d’acide méthacrylique, et les copolymères ou terpolymères d’éthylène comportant de 5 à 30 % en moles de motifs de monomère ester.
17. Film multicouche conforme à la revendication 16, comportant en outre une septième couche placée entre lesdites
deuxième et sixième couches, laquelle septième couche comprend au moins un matériau choisi parmi les polyéthylène haute densité, polyéthylène basse densité, polyéthylène basse densité linéaire, copolymères d’oléfine cyclique, polypropylène, polyamides et polyesters.
18. Film multicouche conforme à la revendication 1, lequel film présente un module de conservation d’au moins 175
N/cm (100 livres par pouce linéaire) de largeur, pour une température allant jusqu’à 140 °C.
19. Film multicouche conforme à la revendication 1, lequel film présente une épaisseur de 13 à 1270 Pm (0,5 à 50
millièmes de pouce).
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20. Film multicouche conforme à la revendication 1, lequel film est obtenu par coextrusion.
21. Film multicouche conforme à la revendication 1, qui porte en outre au moins une image imprimée sur sa surface
externe.
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22. Film multicouche conforme à la revendication 1, lequel film présente un module de conservation d’au moins 138
MPa (20 000 livres par pouce carré) à 150 °C.
23. Emballage fait d’un film conforme à la revendication 1.
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